Antibiotic resistance and variability in the physiological proﬁles of streambed bacterial
communities: implication of wastewater treatment plant efﬂuents
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Introduction

Results

Wastewater treatment plant (WWTP) eﬄuents are
considered as one of the major sources of nutrient
and micropollutants (Bueno et al., 2012) for aquatic
ecosystems. Also, municipal WWTPs eﬄuents have
been identiﬁed as one of the main sources of aquatic
antibiotics resistant bacteria (ARB) and their genetic
components (Rizzo et al., 2013).

Total microbial biomass, measured as PLP, ranged from 1.3 to 16.3 nmol PLP g−1 dry wt sediment.
Microbial biomass was signiﬁcantly greater at the WWTP outfall/WWD site (Fig. 2) and correlated
with carbon:nitrogen ratio measured across the sites. PCA of the CLPP revealed signiﬁcant
diﬀerences in the structure of the bacterial communities. According to PC 1, the samples formed
three clusters representing well-deﬁne bacterial communities (Fig. 3). Furthermore, within the
third cluster, distinct bacterial communities are discernable based on location.

There is a growing need to understand the origin,
ecology, and dissemination of antibiotic resistance in
a diverse range of aquatic environments to gain new
insights into the dynamics of aquatic ARB and slow
its spread. Few studies are available on the presence
of ARBs in the sediments.
This study aims to investigate the impacts of WWTP
eﬄuents on bacterial community structure and
prevalence of ARBs in stream sediments of the Big
Walnut Creek, Greencastle, IN.

Methodology
Triplicate sediment samples were collected at ﬁve
sites along a 5000m transect (Fig. 1) of the Big Walnut
Creek (BWC), Greencastle, in February of 2020.

Antibiotic susceptibility testing was performed on
isolated bacteria by the disk diﬀusion method on
Müller-Hinton agar. Principal components analysis
(PCA) was used to determine community structure.

Conclusions
Our data show that WWTP eﬄuents are a
relevant source of nutrients and ARBs,
once the eﬄuent is released to the river.
WWTP eﬄuents signiﬁcantly increased
microbial biomass, CFUs, and modiﬁed
bacterial community structure and
metabolic diversity.
These impacts are mediated through
changes in the quality of carbon
substrate and increased mineral
nitrogen availability.

Fig. 2: Box plot of sedimentary microbial biomass at
diﬀerent sites along the Big Walnut Creek measured
by phospholipid phosphate method.

Fig. 3: PCA of 96-h OD590 readings taken from Biolog
EcoPlates showing 3 clusters of distinct bacterial
communities. DCB= ●, WWD= □, WWU= ■, NP= o, OCB= ▲

The bacterial Colony Forming units (CFUs) varied signiﬁcantly between the sample sites and the
highest average CFU was recorded at WWD. Signiﬁcant diﬀerences were observed between DCB
and WWU, and DCB and WWD (Fig.4). The multiple antibiotics resistance (MAR) index varied
between sites. Out of 10 antibiotics tested, MAR index ranged from 0.4 to 0.9 (Fig. 5). Thus, all
isolates were multidrug-resistant (MAR ≥ 0.2).

Microbial biomass was
determined using
phospholipid phosphate
(PLP) analysis.
Community-level
physiological proﬁling
Fig.1: Sampling sites along Big
Walnut Creek, Greencastle.
(CLPP) was based on
sole-carbon substrate utilization and
was performed using 96 well Biolog® EcoPlates.
The metabolic activity of the soil microbial
community was calculated according to the average
well color development (AWCD).

Fall 2020

Although, we detected ARBs upstream of
the WWTP outfall, however, increased
antibiotic resistance patterns were
observed at the WWTP outfall.
The health risks associated with
recreational activities in microbial
polluted waters could take a signiﬁcant
toll on children and immuno
-compromised individuals.
Monitoring sediment samples from the
creek system is recommended since
streambed sediments are considered a
reservoir of ARB and their genes.
Study on impacts of seasonal variability
is needed to compare bacterial
community structure and antibiotics
resistance across space and time.

Fig. 4: Box plot of colony-forming units (CFUs) of
coliform per 100 gram of soil samples extracted from
selected three sample sites DCB, WWU and WWD

Fig. 5: Multiple antibiotics resistance (MAR) index of
the bacteria isolated from the Big Walnut Creek
sediments.
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